Improving the productivity of rainfed agriculture and income of farmers is important to achieve sustainable and equitable growth. This paper has examined the role of technology and credit, the two important factors of agricultural growth, in increasing farm incomes using farm-level data from three rainfed districts, namely Adilabad, Mahabubnagar and Rangareddy of Andhra Pradesh for the year 2010-2011. For the study, optimum crop plans were developed in a linear programming framework, and the results have indicated considerable scope for enhancing farm incomes by re-allocation of resources, adoption of improved technologies and enhancing access to capital or credit. Improved technology could increase the net returns of farmers by 20-84 per cent, depending upon their farm categories in the study districts. In the absence of credit, the net returns declined up to 80 per cent, especially for small farmers. In the absence of credit, the suggested optimum farm plans are not income-maximizing, and were found to lead to inefficient use of resources, especially of land.
Introduction
In India, nearly sixty per cent of the net sown area is rainfed with little access to irrigation. Rainfed agriculture, often referred to as dryland agriculture, is practised in areas that are relatively warmer: arid, semiarid and dry-sub-humid-regions of the country. In these regions, the annual precipitation falls short of the potential evapo-transpiration demand. This together with lack of access to irrigation results in agriculture that is dependent on monsoon rains which are often inadequate, erratic and undependable. Not only is the course of the monsoon during a season unpredictable, but also the inter-annual variation in the rainfall is high in these regions. Soils in the regions dominated by rainfed agriculture are highly degraded, low in fertility and are too shallow to hold moisture for long. The degraded soils and the short monsoon season (June to September) limit the crop growing period in most of the rainfed agriculture regions. This poses a severe constraint in terms of crops that can be grown successfully in these regions. Crops that take longer to maturity can only be grown with higher risk (Gaur and Kumawat, 2004; Rama Rao and Venkateswarlu, 2012) . Though a number of technologies (e.g., Venkateswarlu et al., 2008) that can enhance productivity of rainfed crops have been developed by various research institutes, their adoption by farmers is less than desired levels resulting in significant gaps between the realizable and realized yields (Wani et al., 2009) . The optimum use of natural resources like soil, and rain water along with use of improved crop varieties and chemical fertilizers holds the key to increasing productivity. Changing the land configuration through such techniques as ridge and furrow or broad bed and furrow, and adoption of farm ponds for harvesting and use of rain water are among the important technologies for a better management of natural resources and have been shown to be economically viable (Rama Rao et al., 2003) .
One of the reasons for low adoption of technologies in the rainfed regions is inadequate awareness about the technology, economic viability and lack of easy access to credit. The demonstration of potential to enhance productivity and farm incomes is an important step in promoting a wider adoption of technologies. The development of dryland agriculture requires synergy across technologies, marketing systems, input supplies, credit, policies and institutions (Bantilan et al., 2006) . This paper has examined how farm incomes can be improved through adoption of technologies in the selected rainfed districts of Andhra Pradesh. It has also examined the changes in capital requirement which is an important determinant of technology adoption. The augmentation of capital availability also leads to the question whether there is an opportunity to enhance farm income through better allocation of resources.
The Study Area
The study was undertaken in the three rainfed districts, namely Adilabad, Mahabubnagar and Rangareddy, of Andhra Pradesh. These districts represent a range of rainfall: Adilabad receives relatively higher annual rainfall (983 mm) and Mahabubnagar receives less rainfall (749 mm) (Kareemulla et al., 2007) . These are backward districts with high incidence of poverty 2 and unemployment 3 . The district of Adilabad has a net cropped area of 5.9 lakh ha, of which 78.5 per cent is rainfed. The cropping intensity in the district is relatively low at 107 per cent. The major crops grown in the district include cotton, soybean, sorghum, rice and pigeonpea. Sorghum has been continuously losing area to cotton, but soybean has started gaining ground in the recent years. The district of Mahabubnagar has a net cropped area of 7.75 lakh ha, of which 73 per cent is rainfed. The district is highly prone to droughts. The major crops grown in the district include maize, castor, rice and pigeon pea. The district has the highest livestock population across the districts selected for study. The district of Rangareddy is the most urbanized among the three selected districts. It faces a high frequency of droughts owing to erratic rainfall. The district has net cropped area of 2.29 lakh ha, of which 78 per cent is rainfed. The major crops grown are sorghum, rice, pigeonpea, cotton and castor. The cropping intensity in the district is about 111 per cent. In all the three districts, more than 45 per cent of the total farmers are marginal farmers (Kareemulla et al., 2007; http://agricoop.nic.in/) .
Data and Methodology
The study is based on the primary data collected through a pre-tested schedule prepared specifically for the purpose. The general information about the sample farmers in these districts is given in the Table 1 . The average farm-size was 1.90 ha, 2.12 ha and 1.97 ha for Adilabad, Mahabubnagar and Rangareddy districts, respectively. The data on resource endowments, cropping pattern, input use and prices, credit, productivity levels, etc. for the agricultural year 2010-11 were obtained from a sample of 120 farmers from four villages in each selected district. These data were used to derive the input coefficients and the availability of different inputs and resources at the farm level. Table  2 and Appendix Tables 1 to 4 present the average resource requirements and net returns from different crops in the three selected districts.
To capture the technological change, data were obtained from different sources such as on-farm experiments conducted by the Central Research Institute for Dryland Agriculture (CRIDA) and the package of practices published by the State Agricultural University (CRIDA, 2008; ANGRAU, 2011) . The input levels and productivity levels indicated therein represented the situation of technological change. The changes in technology were related to water management through rainwater harvesting, use of improved crop varieties and adoption of nutrient management. The impact of technology adoption and access to credit were examined following the linear programming framework (Rajendra et al., 1996; Sirohi and Gangwar, 1968) The objective was to find the cropping pattern that could yield the highest returns 'Z' and did not violate the constraints (Kaur et al., 2010; Mahendran et al., 2006) . Separate land constrains were imposed for the kharif and rabi seasons and also for the irrigated area, wherever relevant. An option for leasing-out land was also included for the kharif season as very few farmers lease-out land during the rabi season. When a new technology was introduced through improved varieties, change in fertilizer application, and rain water harvesting, there was a change in the capital use. The activity-wise change in capital was introduced in the model while studying the impact of technology change. The net returns as affected by the adoption of improved technology, because of the yield increases and changes in costs, were also included in the optimization scheme.
The linear programming problem was solved by populating the model with appropriate coefficients to derive the optimum plans. Five plans were developed. Plan 1 represented the existing situation at current level of technology and credit. Plan 2 gave the optimum when the resources were optimally allocated along with the given technology and credit. Plan 3 represented the optimum plan when the farmer did not use any credit and operated within the limits of their own capital. The difference between Plan 2 and 3 indicated the impact of credit on the net returns. Then the change in optimum plan on adoption of improved technology was studied with credit (Plan 4) and without credit (Plan 5). In both Plans 2 and 4, the credit-use was limited to its current level. The analysis was performed for small (< 2 ha), medium (2-4 ha) and large (> 4 ha) farms in each of the selected districts. In the Adilabad district all the farmers had less than 3 ha land, therefore they were grouped into three equal groups and a representative farmer was chosen from each group.
Results and Discussion
To examine the impact of technology adoption and access to credit on the cropping pattern, income optimization was done and the results are presented below.
Potential Income Gains from Technological and Policy Options Adilabad District
The cropping pattern under different optimum plans is given in Table 3 .
Small Farmers
The small farmers (with 1.2 ha land) allocate about 67 per cent of their land to cotton + pigeonpea and the rest to kharif sorghum under the existing technology and credit situation. In Plan 2, when the available resources were optimally allocated, soybean + Note: P 1 : Existing situation, P 2 : Optimum when the resources are optimally allocated within the given conditions of technology and credit, P 3 : The optimum plan when farmers do not take any credit and operate within the limits imposed by the capital owned, P 4 : Optimum with adoption of improved technology and with no credit constraint and P 5 : Optimum with improved technology and without credit pigeonpea emerged as the most profitable crop replacing cotton + pigeonpea and kharif sorghum. When investment was limited to owned capital, about 81 per cent of the area was allocated to soybean + pigeonpea and the rest to kharif sorghum (Plan 3). The levels of resource-use and net returns under these plans are given in Tables 6 and 7 for all the three districts. In the absence of borrowed capital, the small farmers could earn ` 42468 as against ` 8016 under the existing situation. It was attributable to the changes in cropping pattern. On removing the capital constraint completely (Plan 2), the income could be enhanced further tò 49616. It was clear from the study that farmers were not allocating resources efficiently. Table 7 shows how the net returns change with the adoption of improved technologies. Access to credit could led to further income gains (Plan 4). These were higher than in Plan 3 which assumes access to borrowed capital but not to improved technology. The technology could enhance farm income by 22 per cent and it was inferred that access to credit and adoption of technology play a significant role in increasing farm income, especially for the small farmers.
Medium farmers
The medium farmers (with 1.6 ha land) currently allocate 50 per cent of their land to cotton + pigeonpea, and 50 per cent to tomato. In Plan 2 when resources were optimally allocated, whole of land was allocated to cotton + pigeonpea which increased net returns by 39 per cent. In Plan 3 when borrowed capital was not included, 75 per cent of the area was allocated to cotton + pigeonpea and the rest was leased-out. As can be seen from Table 6 , in the absence of borrowed capital (Plan 3), the medium farmers earned up to ` 45633 as against ` 35640 under Plan 1 and the difference could be attributed to the change in cropping pattern and optimum allocation of resources. The removal of the capital constraint (Plan 2) led to still higher returns. Table 7 shows that with adoption of improved technology, half of the land was allocated to cotton + pigeonpea and tomato each. The income gains are much higher with about 81 per cent increase compared to the existing technology. When borrowed capital was assumed away, a farmer would be better-off if 0.11 ha of land is leased out even he adopts improved technology.
Large farmers
A large farmer (with 2.8 ha land) currently allocates 36 per cent each of his land to cotton + pigeonpea and kharif sorghum and 28 per cent to soybean + pigeonpea and could earn up to ` 94345. In Plan 2, when the resources were optimally allocated, soybean + pigeonpea emerged as a single most profitable crop and the net returns were found to increase by 30 per cent. The Plan 3 with the absence of borrowed capital, did not show any change in the cropping pattern and net returns (Tables 3 and 6 ). Under Plan 4 with adoption of improved technology, cotton+ pigeonpea emerged as the most profitable crop. The adoption of improved technology increased the net returns by 36 per cent from the existing returns.
Mahabubnagar District
The optimum plans for the three categories of farmers in the Mahabubnagar district were derived under the varying situations of credit and technology and are depicted in Table 4 .
Small Farmers
A small farmer currently allocates nearly 67 per cent of his land to cotton, 22 per cent to kharif rice, and 11 per cent to rabi sorghum. The net returns increased only marginally (0.7%) with the reorganization of available resources optimally (Plan 2), indicating that the farmers were operating efficiently. Under Plan 2, the limiting factor was availability of hired labour. The Plan 3 provided net returns which were about 73 per cent less than in the existing situation, as the capital available with the farmer after deducting the credit availed was onlỳ 2148. It is evident that the farmer had to lease out 74 per cent of his land in the absence of borrowed capital and in this case, the limiting factor was capital. With the adoption of improved technology and addressal of capital constraint, 67 per cent of the cropped area was allocated to cotton, 22 per cent to kharif rice and 11 per cent to rabi sorghum and it gave net return which was about 35 per cent more than the income under Plan 1. When borrowed capital was assumed away in Plan 5, the farmer had only ` 1771 for cultivation, a considerable part (64%) of his land was leased-out owing to scarcity of capital. Cotton and kharif rice were each allocated 13 per cent land and rabi sorghum was allocated 10 per cent land. Thus, lack of access to credit is an important impediment to achieving higher farm income.
Medium Farmers
A medium farmer currently allocates 46 per cent of his land to cotton + pigeonpea and 27 per cent each to rabi sunflower and kharif maize. Under Plan 1, a medium farmer could get net returns of ` 161750 because cotton + pigeonpea and sunflower gave higher returns (Tables 4 and 6 ). Under Plan 2, when resources were optimally allocated, the kharif maize was replaced with increase in the area under cotton + pigeonpea (54%), sunflower (27%) and the remaining was leasedout (19%). The net returns increased in the optimum Plan by 14 per cent over the existing situation and the limiting factor was hired labour. Under Plan 3, when borrowed capital was not included, the net returns were reduced by 30 per cent as the borrowed capital of the farmer was 58 per cent of the total capital used. The farmer was forced to lease-out because capital was a limiting factor. Under Plan 4 with access to improved technology and credit, 54 per cent of land was allocated to cotton + pigeonpea, 27 per cent to rabi sunflower and about 19 per cent land was leased-out. Though area was leased-out, the net returns from Plan 4 increased by 17.2 per cent compared to Plan 1 (Table 7) .
Large Farmers
The existing cropping pattern of a large farmer with 7.2 ha land included cotton+ pigeonpea (50%), kharif maize (25%), kharif rice (15%) and rabi groundnut (10 %). Under Plan 2, cotton + pigeonpea emerged as the single most profitable crop and it was found better to lease-out the rest (7%) of the land since capital was observed to be the limiting factor (Table 4) with 25 per cent increase in the net returns. Under the Plan 3, it was optimum to lease-out 43 per cent of the land and the net returns declined by 37.3 per cent compared to the optimum Plan (Table 6 ). In Plan 4, about 84 per cent of the land was allocated to cotton + pigeonpea, 15 per cent to kharif rice and 1 per cent was leasedout. The net returns obtained under this Plan increased by 41.4 per cent over the existing plan. And under Plan 5 when credit was restricted, 78 per cent of the area was allocated to cotton + pigeonpea, 5 per cent to rice and 16 per cent was leased-out.
Rangareddy District
The optimum plans for the three categories of farmers in the Rangareddy district were derived under the varying situations of credit and technology and are depicted in Table 5 . Kharif cotton Note: P 1 : Existing situation, P 2 : Optimum when the resources are optimally allocated within the given conditions of technology and credit, P 3 : The optimum Plan when farmers do not take any credit and operate within the limits imposed by the capital owned, P 4 : Optimum with adoption of improved technology and with no credit constraint and P 5 : Optimum with improved technology and without credit
Small Farmers
A small farmer currently allocates his land to cotton (45 %), maize + pigeonpea (22 %), rabi rice (11 %) and kharif rice (22 %). In Plan 2, with the existing technology, 89 per cent of the total area was allocated to cotton and rest to rabi rice. The income from this plan increased by 27.8 per cent over the existing situation. Limitation of capital availability was found to lead to a severe restriction on what can be grown as is evident from Plan 3, wherein 79 per cent of land was leased-out leading to 82 per cent reduction in the income of a small farmer. With the adoption of improved technologies (Plan 4), there was 44 per cent increase in the income (Table 7 ). The credit availed by a small farmer was nearly 90 per cent of his capital use and if it was removed from the resource availability, there was a significant reduction in the achievable returns.
Medium Farmers
A medium farmer currently allocates land to cotton (73%), kharif rice (9%) and kharif maize + pigeonpea (18%). In Plan 2, cotton emerged as the single most profitable crop and the net returns obtained werè 103876. Under Plan 3, about 88 per cent of the land was leased-out and the remaining 12 per cent was allocated to cotton. The net return obtained was ` 19124 (Tables 5 and 6 ). Under Plan 4, with the adoption of improved technology, cotton emerged as the sole profitable crop and leasing-out land was 8 per cent. When a medium farmer was assumed to rely on owned capital without any borrowed capital in Plan 5, it was optimum to allocate sorghum + pigeonpea to leaseout. No rabi cropping was observed.
Large Farmers
A large farmer currently allocates land to kharif rice (34 %), kharif maize, rabi rice and kharif sorghum + pigeonpea (22 % each) and could earn a net return of 189189 from 5.6 ha of land (Plan 1). Under the Plan 2, when the available resources were optimally allocated, cotton (48%), rabi rice (9%), kharif sorghum + pigeonpea (29%) and fallow land (14%) emerged as the profitable cropping pattern. Under Plan 3 which assumes no borrowed capital, about 58 per cent of the land was allocated to kharif sorghum + pigeonpea, and 20 per cent of the land was leased-out with no crop being grown during rabi. Under Plan 4 and Plan 5, when improved technology was adopted, even with credit restriction, a large farmer could get higher returns than in the existing situation with 84.8 per cent increase in the net returns (Tables 5 and 7 ). The findings also suggest that it is more profitable to grow fewer crops to the extent the resources permit and it is in line with Kharif those reported, for example, by Kaur et al. (2010) and Varalakshmi (2007) . The income stabilizing effects of a more diversified cropping pattern can be examined only in a multi-year analysis of a given farm.
Summary and Conclusions
The study has shown that significant increases in the net returns are possible with adoption of improved technology. Credit has been found to play a crucial role in technology adoption and income growth, especially for small farmers. There is scope to increase the farm income with better allocation of resources even with the existing technology. A major source of the capital for a small farmer is credit taken from various sources. When availability of capital gets restricted, it is better for a farmer to lease-out part of his land than to cultivate. In Adilabad district with adoption of improved technology, cotton + pigeonpea has appeared to be most profitable in the case of medium and large farmers, whereas for small farmers, soybean + pigeonpea has been found profitable. In the case of small and large farmers, soybean + pigeonpea has been found to be most profitable under the assumption of no credit. It is thus clear that adoption of improved technologies along with proper reallocation of resources can raise farm incomes considerably.
In the district of Mahabubnagar, when use of credit was not assumed, farmers had to lease-out their land and with adoption of improved technology net returns was found to increase. It has also been shown that availability of credit is an important enabling factor in increasing the farm incomes. In Rangareddy district, Note: P 1 : Existing situation, P 4 : Optimum with adoption of improved technology and with no credit constraint, and P 5 : Optimum with improved technology and without credit limitation on availability of capital has been found to lead to a severe restriction on what can be grown and it led to 82 per cent reduction in the income of a small farmer. For a medium farmer, though no considerable changes in the cropping pattern were observed, income was found to increase by 36 per cent with improved technology and access to credit. Therefore, continued efforts are required to make technology dissemination more effective and efficient and to make credit more accessible to the farmers.
End-Notes
1. Rainfed districts are those districts where the evapotranspiration is more than the annual rainfall and the net irrigated area is relatively less. Climatically, districts with arid, semi-arid and dry sub-humid climate are considered as the rainfed regions if they do not have access to irrigation (Wani et al., 2009) 2. The incidence of rural poverty in Adilabad and Mahabubnagar districts was 26.1 per cent and 11.8 per cent, respectively and it was higher than the state average (Chaudhuri and Gupta, 2009 4. In fact, optimization plan allocated all the land to tomato. As tomato crop is often prone to price risks, restriction was imposed in the model to only 50 per cent of the land.
